Tensilon tonography, as a simple painless procedure, would appear to be of considerable value in the diagnosis of ocular myasthenia and also as a diagnostic test in the exclusion of myasthenia as a cause of isolated extraocular neuromuscular weakness.
SUMMARY The value of electronystagmography (ENG) and of tonography in monitoring the beneficial effect of edrophonium chloride (Tensilon) on the extraocular muscles in myasthenia gravis has been assessed. Studies were performed on 17 patients with myasthenia gravis and on 18 control subjects, of whom nine had extraocular muscle weakness due to myopathic or neurogenic lesions.
Electronystagmography recorded the repetitive following movements of the eyes elicited during optokinetic nystagmus. Neuromuscular fatigue with the subsequent beneficial response to Tensilon was clearly seen in 50 % of patients with myasthenia. False positive responses were not seen in control subjects but in many of these, as in the remaining myasthenic patients, the amplitude and rate of nystagmus seen in the ENG was very variable. These difficulties suggest that the ENG is of limited value as a diagnostic test in myasthenia gravis.
Tonography, recording the intraocular pressure of the eye continuously over four minutes, was found to be of considerable value. We found that the intraocular pressure fell on average by 1-6 to 1-8 mm Hg over a one minute period in the control recordings but increased by a mean of 1 6 mm Hg in patients with myasthenia, with a peak effect 35 seconds after Tensilon. In only one patient was there a complete failure of response. This patient, and also another woman who showed a less striking response, had severe myasthenia with a fixed ocular weakness. It is suggested that an absence of any increase in tension with Tensilon may be seen in patients with permanent neostigmineresistant myopathic change. A small false positive response was seen on one occasion only in a patient with a sympathetic nerve lesion.
Tensilon tonography, as a simple painless procedure, would appear to be of considerable value in the diagnosis of ocular myasthenia and also as a diagnostic test in the exclusion of myasthenia as a cause of isolated extraocular neuromuscular weakness.
During the course of the management of patients with myasthenia gravis we became aware of the problems which arise in the diagnosis and treatment of patients in whom the neuromuscular defect is clinically confined to the extraocular muscles. The response to edrophonium chloride (Tensilon) (Osserman and Kaplan, 1952) Recently two objective tests of value in the diagnosis of myasthenia gravis have been described, utilizing the response of the extraocular muscles to Tensilon. Blomberg and Persson (1965) studied the 639 following movements of the eyes which occur in induced optokinetic nystagmus, using electronystagmography, and Glaser, Miller, and Gass (1966) reported the effect on intraocular pressure as measured by tonography. The purpose of this study was to evaluate further these tests in the diagnosis of ocular myasthenia.
MATERIAL AND METHODS
Seventeen patients with proven myasthenia gravis were studied (Table 1 ). In seven patients the studies were performed during the original investigation of their weakness and before treatment with anticholinesterase agents was commenced. In the remaining patients the studies were performed during periods of clinical weakness. In the latter cases the cooperation of the patients was obtained to omit medication in some instances and in others the tests were performed just before the patient took regular medication. In only two patients (N.Co. and L.S.) were the studies performed less than four hours after receiving anticholinesterase therapy with Prostigmin and/or Mestinon. Both of these patients had severe disease with bulbar and ocular involvement and at the time of study were showing evidence of distress. Electronystagmography (ENG) was performed on 12 patients and tonography was recorded on 16 occasions in 14 patients. (Schott, 1922) , which is almost linearly related to the arc of deviation (Aschan, Bergstedt, and Stahle, 1956 ). Optokinetic nystagmus was induced with a 12 in. (30 cm) striped drum situated at 30 cm distance rotating with a speed of 48 to 60 revolutions/minute (or 270 to 360°/second angular velocity), and 144 to 180 frames/ minute. Nystagmus of both eyes was recorded simultaneously from skin electrodes placed at the outer canthus of both eyes, over the nasion, and with a reference electrode on one forehead laterally. We employed a direct-current pre-amplifier (Offner) with a time constant of 0 3 sec and utilized two writing channels at a slow paper speed of 1 5 or 3 cm/second. Initial control recordings of 30 second runs were made with the drum revolving first clockwise and then in reverse-that is, with the optokinetic nystagmus (fast component) to the right and later to the left. Edrophonium chloride (Tensilon) 10 mg was then injected intravenously over five to 10 seconds and the recordings were repeated after one, three, and five minutes.
TONOGRAPHY Intraocular pressure was recorded with an electronic Schiotz tonometer linked to a continuous recorder (Schwarzer) . The intraocular pressures were recorded in the standard manner over a four-minute period. At one minute 1 ml. normal saline was injected intravenously through an indwelling brachial needle, as a control. The pressures were then recorded from the second eye and Tensilon 10 mg. was injected intravenously over a five to 10 second interval at one mninute. The records were calibrated before and after the recordings and the intraocular pressure was calculated (after Friedenwald, 1955 The results of the tonographic studies in 14 patients with myasthenia gravis and 10 control subjects are shown in Table 3 . The mean fall in intraocular pressure over the second minute and within one minute of receiving the control injection of normal saline solution was 1 6 ± 0-31 mm Hg in the myasthenic patients and 1-8 ± 0 30 mm Hg in the controls. Only a single anomalous control record, in a myasthenic patient (J.T.), was obtained and is shown in Fig. 4 14-6 -12-9 = -1-7 12-7 15-5 = + 2-8 50 6 E.A.K.
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Control patients 18 R.B. 14-0 -11-0 = -3-0 13-4 10-2 = -3-2 19 J.D.
18-1 -17-1 = -1-0 14-1 12-6 = -1-5 20 E.J. 10-3 -9 0 = -1-3 10-6 9 0 = -1-6 27 R.S. Although the absolute levels of intraocular pressure in individual eyes may vary from time to time, the change in intraocular pressure after intravenous injection of both normal saline and Tensilon was shown to be highly reproducible (C.McG. and E.J.). These duplicated records on a myasthenic patient and in a control subject were obtained at intervals of several months. The maximum rise in intraocular pressure observed after Tensilon was 5 0 mm Hg (Fig. 4) , but this was extremely transient lasting a few seconds only. This patient (J.T.) also had a totally unexplained small rise following normal saline. His extraocular muscular weakness was responsive to Mestinon therapy at that time. gravis it produces a temporary increase in muscle strength within one-half to five minutes of intravenous infusion (Osserman and Kaplan, 1952; Osserman and Teng, 1956) . When the muscular weakness is clinically confined to the extraocular muscles, the response to Tensilon may be difficult to evaluate, especially in the absence of lid weakness (ptosis). Objective tests involving electromyography of the extraocular muscles (Breinin, 1957) are uncomfortable at best and also produce difficulties in interpretation. The need for a reliable, painless, objective test was apparent and the methods of electronystagmography (ENG) or tonography, utilizing the beneficial response to Tensilon in myasthenia, appeared to offer reasonable possibilities as diagnostic tests.
Theoretically the ENG technique of studying the repetitive contraction of thc extraocular muscles induced by optokinetic nystagmus (Blomberg and Persson, 1965 ) appeared both simple and straightforward. By recording the corneoretinal potential, with its almost linear relationship of amplitude to the angle of gaze (Aschan et al., 1956 ) it seemed possible to study the size and rate of muscle response on repetitive action. However, although some excellent examples of neuromuscular fatigue with the progressive decline in amplitude of gaze and rate of nystagmus were obtained, the records proved too variable in response, even among healthy controls, to be of value quantitatively. When the latter records were obtained it was impossible to evaluate the beneficial effects of anticholinesterase agents. In their preliminary report on three myasthenic patients, Blomberg and Persson (1965) reported an increase in frequency and amplitude of the nystagmus five minutes after intravenous injection of 10 mg Tensilon. It is not clear why they chose this interval, as most of the effect of Tensilon has disappeared by this time. We are unaware of further reports from these or other workers. In the study reported here clear objective responses were seen in 50 % of myasthenic patients only, whereas a higher proportion showed a variable subjective response.
The intraocular pressure is a function of the formation and outflow of aqueous humour. The pressure is balanced by the rigidity of the sclera and the surrounding extraocular muscles and orbital contents. Transient pressure changes are produced synchronously with the cardiac and respiratory cycles but more lasting effects may be induced by arterial or venous changes (Davson, 1960) . Numerous studies have shown that contraction of the extraocular muscles increases the intraocular pressure and that the pressure rise is proportional to the degree of muscle tension (see von Hippel and Grunhagen, 1868 . cited by Greaves and Perkins, 1953; Kornblueth, Jampolsky, Tamler, and Marg, 1966; Collins, Bach-y-Rita, and Loeb, 1967 (after Friedenwald) . In our studies we found that on average the pressure fell by 1-6 to 1 8 mm Hg over one minute in the control studies but increased by 1 6 mm Hg in myasthenic patients after Tensilon. Similar orders of rise in intraocular pressure were recorded by Komblueth et al. (1966) and Glaser et al. (1966) . The latter authors found that out of 24 studies on myasthenic patients, three eyes failed to show a positive response to Tensilon, although the opposite eye responded in every case. A complete failure of response was seen in only one of the patients in the present series, and a very poor response occurred in another. Both these patients had severe permanent extraocular muscle weakness, and, although we were not able to withdraw all medication in these cases, it appears likely that the intraocular pressure in patients with myasthenia gravis may fail to respond to Tensilon when severe myopathic changes are found.
A false positive rise in intraocular pressure after Tensilon has not previously been reported. We are unable to explain the isolated finding of a small rise in tension in a patient with a sympathetic nerve lesion. Stimulation of the peripheral end of the cut cervical sympathetic nerve leads to a fall in the intraocular pressure (Davson and Matchett, 1951; Greaves and Perkins, 1953) , but in some animals the fall may be masked by the contraction of the smooth Ocular myasthenia: evaluation of Tensilon, group.bmj.com on October 30, 2017 -Published by http://jnnp.bmj.com/ Downloaded from muscle of the orbit and in the rabbit a rise in tension has been reported (Collins, 1967) . Whether a sympathectomized eye might be abnormally sensitive to a cholinergic drug is unknown but this possibility warrants further study.
The Tensilon tonography test would appear to be a very useful diagnostic tool in myasthenia gravis limited to the ocular muscles. The absence of response in patients with other ocular neuromuscular diseases also makes it a useful test in the exclusion of myasthenia as a cause of obscure isolated oculorotary muscle weakness. We are unable, however, to recommend the ENG as a diagnostic test as the response which we found was too variable to be assessed quantitatively. Our results with the ENG after Tensilon injection did not appear to show any advantage over simple subjective evaluation.
